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(54) THIN FILM PIEZOELECTRIC BIMORPH ELEMENT AND APPLICATION THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate the step for 
bonding each piezoelectric by forming two piezoelectric 
parts on the opposite sides of a thin metal plate while 
inverting the direction of polarization through a 
decomposition controllable nonpaste method and then 
forming an electrode film on each side face of the 
piezoelectric parts opposite to the thin metal plate. 
SOLUTION: A first electrode film 102 is formed on the 
opposite sides of a film depositing substrate 101 and a 
first piezoelectric film comprising three piezoelectric thin 
film layers 203a-203c, having a piezoelectric constant 
increasing sequentially in the thickness direction, is 
formed on the outer surface of the first electrode film 
102 on one side thereof while varying the Zr/Ti ratio. 
Similarly, a second piezoelectric film comprising three 
piezoelectric thin film layers 204a, 204c, having the 
polarizing direction reverse to that of the piezoelectric 
thin film layers on the first side and a piezoelectric 
constant increasing sequentially in the thickness 

direction, is formed on the outer surface of the first electrode film 102 on the other side while 
varying the Zr/Ti ratio. Subsequently, a second electrode film 105 is formed on the outer 
surface of the piezoelectric thin film layers 203a-203c, 204a, 204c on the surface and rear. 
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2) x=l, y = 0, O^z^O. 50, z+w=l 

3) 0. 7 5 ^ x < 1 , x + y = 1 , 0. 3 .£ z < 1 , 
z 4- w = 1 

h title Latt7^y^Ktfc5, 

[0120] tf »«*s^iRi^ov^xittWi-a 0 ^ 
[0121] ffim**§t<o»«tt<o*-!att, mm^£?) 

fftt^o PZTft Z r /T i JfclCfc 5-, ^O&SHfif 

[0122] *BBfc»i-J:5fc, «K#W»*Sfc-ett 
(ill) *fS]^^gu-cj>5 0 
[0 12 3] CO-«i:*t4btf, JES#:«ii^b 
PbZro.56Tio.44O3 ^^5Zr/TiW^ 

[0 12 4] iOPZT»iB«i#»It»m^ *0 
(111) ^lR]-e&So b3&>U flsRLfc 
j£m*»B£te. (0 0 1) ffiJ^#^ST*fcofc 0 

[0 12 5] L**b*3»b, CW*BH#**<0ffi«#* 
Rt>, 5^«36 s — *lftl«> (ill) KUtJoTistK 

[0 12 6] tfcoT. Lt, 

*?»tT»W:ftV\ ft£5, (ill) W^5)-ai«i4:ft5iiaj* 
tt, BE«ffr*mOiiajSa s Pb x La y Ti 2 Zr w 0 3 
<Z>i#, x, y, z, w^^T<Z)^^^ttf^-e$) 

-So 

[0127] 1) x = l, y = 0, 0. 5£z£l. 
0 , z 4- w = 1 

2) 0. 9 ^ x < 1 , x + y= l, 0 ^ z < 0 . 5, z 
4-w = 1 

2 (Dmm<omm) i±m**3KSr# 
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[0128] @5^) (a) tC, *^J6^^«8<D5»»ffi« 

[0129] ^mmco^m^nm&mm^^/^m^ 
[0130] 1) Etww^, »s*mteiaritar5£E 
[0131] 2) j±mf$mm<Di±mmm^ rp&co&m 

[0 13 2] KT, *lt»0»lB©^<DJffi««:Jtllitfco 

[0 13 3] £ T> s f-#l'&*JjVzil/m$& (PZT) 

V^o PZTl8^1IWl£i#tt^Zr 
/TiJt^MS^/Tto #EK-T, PZT<Z)ISI«g 
-&3£*f*x Z r/T i Jfc*CJ:5*#<aEfl2L.TV^©dS 

[0 13 4] Sot, Zr/T i Jt^5PZT*K 

-f*/^*^Sr«3trsCfc36SBl«Bi:ft5o ^bT, * 
oJ;5^PZTiI(OWl H6(^ *<z>JWaS:*-t" 

<t 5 ftP b, T i Rt;Z r h*ix.fc# 
5g*'« s> * i6«Sr*Kffi bTfrft 5 □ 
[0 13 5] ST, *&J*<01H»^fc5#, COgft# 

*tdJ: t) ftSttSo H5tf> (b) fcSHfcfe'ftSr^bfc* 

[0136] fcfcl, «3g#J«fc:oV^I2 7 £r#]3g Loo 

[0137] ( a ) j£Jg|g« 101 jR 1 « 

[0138] ( b ) CQffiCDjg 1 m«HtO^*Wfc. 

oOjBE«ft:»|RJi 2 0 3 a , 2 0 3 b, 2 0 3 c^ft 
5JBl<E>EEmfls:JR2 0 3^Z r/T i J*«r*fbS*T» 

[0 13 9] (c) ffi*0>ffifc:fc, Slf»MI 

©3o<^Et**H2 0 4 a, 2 0 4 cWft5«2 
(DjEE«ft:Bl2 0 4£Z r/T i JtSr^fcS^T^i" 

[0 14 0] (d) **tDEEm#»BSB<z>fl-«®fc:> * 

[0 14 1] Li>5t, m*<Dm&mzj&cx&m<n/* 

[0 14 2] #£*©»li©ffi«f«W*?a>3#, 
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SKIS 


mm 

(Mm) 


l03»«»Ra9E 




(001) 


203c,204a 


PbZro.30Tio.70O3 


570~630'C 


670~720t 


1.0 /Am 


203b.204b 


PbZro.45Tio.55O3 


570~630'C 


670~720'C 


1.0 Aim 


203a.204c 


PbZr 0 52Tlo.4803 


570~630t: 


j 670~720 < C 


1.0 itm 



»ft5 2Jl<OJE«#<7>#JB*|Rittafr-e*>-5o Z (Dittos 

m&mm tvmi <Dmnftwmi>*wxfiz>m&\z.\*m 2 

[0 144] b£>U *J±l^W ; t^7ii 1 tfi, f^*" 
[0 14 5] &*5, **)6o»lB-Ctt:, »j**>*fc5JE 

[oi4 6] (ib 3 (Dmm^nm) *mm<Dmmi±, ft 

[0 14 7] *IB««>»«©»*JE«ffl^-f 
^4:12 9 

[0148] 09© (a) , (b). ( c ) , ( d ) fc: 40 

®CD?r? 1 mffi 102. $1^2 (DJ±m&»Wk 10 3, 
1041"Cfc§PZT (PbZro.50Tio.50O3 ) s 

p t m<om2mmmi o 5 srfNRLfco 

[0 14 9] fc«U *1 ^^2(7)|ES#:«^l 0 3, 
10 4tt (001) EIr] Lt^ffiM* 

4Uffl2 ^-fT^S? 2 ffiSWH 104^ 5(9 



[0 15 0] flS 1 EEttttHRtt, »Ri&A6 7 

o~7 2 0°c-e7T^bfc o r<z>#£\ j*««0>^|ft]j&>& 
Witt, ffi«*»I«^fo*tRffi^o*iftl2:^««i^E 

[0 15 1] JB2JE«*«PBItt, Hlffi*ft:»m 

«*«lc3£«aftSr 5 7 0-6 3 OtJKTJf U 
-C»*bfco -<£>*§£\ lil^^^&wifL-c, ft 

[0 15 2] Jfcfc, ^|(D»^^)IWW 
[0153] P b L a 0. 1 T i 0. 925 O3 

[0154] &>±<Dt&fk£ y> , r (omwk&mm^ 

[0155] sr. **Jfe^^i(g^#^(ojgj|6-e*>s 
1SSr»*b, *iatJSJS2ffi«#»lll<Z>^«BfllK#«E 

tticit), 2^<Dj±mi^mm\a^m^^}±m^^, 

[0 15 6] *HJ6^»«-ett, 

[0 15 7] ^«*[fii*SV^£»ftSffi«##«! 
[0158] Et±^>RW"Cfo*»a <fc 5 *HJS<£>^iffi 

[0159] (m4<omm(omm) 3fe 
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com 2 <Dmm<omm tmc< ^m^mm^wm^m-r z> 

[oieoiBiifc, *nm<Di&m<nmmj£mm^ 
[oi6i] ^m^m^^mmm^fD^i^, 
[oi6 2] ft<Dm3<onm<DMmtmmfci,x, mm 

Vti3m<Dj±.mf$2 0 3 a, 2 0 3 b, 20 3 
c^fe*SSBlffi«fls»JR2 0 3fi, afi«a«6 7 0- 
7 2 0WWLfco «««0^|RlA*btU»f 

[0 16 3] — 3m<D&M&2 0 4 1 a, 2 
04 1b. 2 0 4 1 c 3&^/jlS^2ffitft*i2 0 4 1 
ft l EttttttKVjftlft 5 7 0-630 

[0164] Si 3 (D^JficD^® t C0tB*B, ^TO 2 

[0 16 5] 1) W^<Z>JE«ft:3»«i:t, ff^^f^t-ffi 

[0166] 2) mm#nm<osm&ikn, 

[0 16 7] fc*3, Z r/T i Jt©*fc« P Z TJWJtS: 
#7G*'^*«1t&ttffibTfc, «»i"5§Rfc. AKfi 

[0 16 8] ***(D»J8K»V>TfP*bfci|iLfifc©»tt 
53f(Z)PZT^b^5Il fflM^t^f 2 

[0169] M^^r^<, — «<dje«^ ^/i^*^ 

5iv^:»*-efc£fcft^ #lf+Boi^.llr/h$< L 

[0170] (m s <Dmm<nj&n) ^mm<Dmm^ m 
[0171] mi 2ic s **wo»»flE«ai^-f 

1 3 g| 1 4 Id^rco 2 o<D»tfs3MBS:*i-p 
[0 17 2] r©*BtflE«ai**Jk*til*tt, *P3£S^ 



(13) ¥fM2 000-332313 

24 

[0 17 3] 2fc^r<Z5»je*jfe^oV>TRWrSp 

[0 17 4] B13B, A:«»KWffi^ffi«**«*Sr 

[0 17 5] gf, *HSrtfcfc, rort**RWt* 

70 [0 17 6] (a) SUS 3 0 4K(OMifi5 0 1^) 
Affile P t f Of 1 1«R 5 0 2 *M t , * 

[oi7 7] (b) 9a&m#n»s 03^ mmm 
[oi78] ( c ) m 1 mmimwERTMs 2 

5 0 5ft /N7^^^^f:S2lSItJ)5c 
[0 17 9] (d) MfI^^f^^ttiM5 
itf 0 6 Sr^JBK-fSo 

[0180] EA±fc <fc 5 > *HK*i"frKf* 5 0 8 fe6 

V^ffl»H 56**315 0 9Sr»*i-*. 
[0181] HUtt, fcbrt>CftjJr*^Bl?L« 

5 0 6 j»R# fefrfcAJR** 5 0 1 £Jf ^TK^StS 

^Sr^-f-fe^-Cfc-So *H© (a) ~ (c) 

^-^y^ft ai3© (a) - (c) tmsmmxtb 

ft, WBt^fifcfcURU-CifcKft^^^ h SrJMJ bfc 5* & 

— ^^^*tbfc»2«ai«t-efcSo 
[0 18 2] ftcib\ WcJttfSB^i*^* 5 

fiKWP^^ae^ a*j&^8£bfc«9 bj&»fa*v\, r <£>fc 
ft, jK»telSlir*«r*»i-««IVN* («IBrJPX») 5 
0 7 £Rtt*rv>5 0 

[0183] ( d ) §J»rAPXg|3 5 0 7 ^ *WV>X^"5r 
«*^-lP-JPX«»^WbT^»t>»»a*r»J«i- 

[0 18 4] *St*0»«^ttffi«*3flSJ|E|»ofc«>** 

[0 18 5] JEfc, ^*IWRK«lXt«B2ffi«{Wlll! 
ft, *»<D^9!V*KJ:5JB*^*ffi^5y*»*S: 

50 [0186] ft**, bT(o^m«> «ffl?a« 
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[0187] ffi6<Dnm(oMm) *nn<oj&m&s 3 

[0 18 8] Bl5fc, *J8W<o#itJE*a!^ i e/^7 
[0 18 9] fcfcU ***fcO»lS-CWc, jt«P*>*flfit 

[0 19 0] tot, [Hi 5 fc^W-J; 5 ^> 3oco/ES; 

flctfeffi8|56 0 5 d, 6 0 5 e, 6 0 5 f i>*K^\Z.mW.<D 
m&fcte* -tiX-^JXilES-t-Sx, y, z»^l^?i 

[0191] ffifHfca*BfcA«»«©&-t-«aefl -efca 
-efcSo -t-ftfr*^ *ttj-t-s***^*iP]^as>*>*-ce 

[0 19 2] *SIJB^IB^*5V^rfc, 1^6©lt 
[0 19 3] tot, 0IJ*.tfJPaflE-t:Vl^fc ITSfflL 

[0 19 4] *Wp|HT»o*d«9ft«oaE{fc:B6it(0 

[0195] (*7osato«?nB) ***o»«w:, 

[0196] |161: N *ISPJ^*RE1S/W^7 
Sfc^SrJHV^fc-f v^ 7 h^y K*r, 12 l 7 te-tofp 

[0197] *HfcS3V^T, 701 ttJEftK3E4K-%- bT-Y 
fc^l*HiI«-Cfc5o 7 0 3 i 7 0 4H, IM^S 

icm&ztitcizm&mmx'foZe 7 0 5te, i2tsi 

-e*>5o 7 0 6te, P±fcH£tb5-f V^dSjiBfeTV^SJEA 
S-CfcSo 7 0 7te, ^ii^ V^^g|5p n p-Cfe^ 0 7 0 8 
tt, ^y^MKT**5 0 7 0 9*3, 

•cfcSo 7ioft ^y^«-efe§ 0 7 lift, / 

[0198] 116 1 7 CO ( d ) tC^-J; 5 fc\ 
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[0 19 9] ^LT, roffi^oJiglS (KBURMK 

»#J7 l 2KTBSbT»j*S*tT*5 5, SEM-O&H 

fftftil7 0 3, 7 0 4a*H#»J*£:h/0\5 0 
[0 2 0 0] JE^Sfc, -r^^fclBS*t«»»<Oj|S2BE 

[0 2 0 1] W:, ^<£>-f is*??* h^y Ko»3t*JSfe 
£01 7*#lLooR(Bt5, 
[0202] 017O (a) — (c) ft, 5fcGDfg 1 OH 

fe as 4 <o njg te ss «• 5 fiffta^M ^ ^ 

vm^<omm^^x(D^^—^^^t^^fix\^^(D 

[0 2 0 3] (d) r^^^— 9 1 vx (Dmm&mm 
s^^jvym**, mmmx4 > 9 m&mmmzm& b 

[0 2 0 4] **5Sco^ffic7)^ y b^y KB:. 

[0 2 0 5] Mfc, *^<7)^^£;v^k, EB«#* 
[0 2 0 6] JE^*fc, Et«:^/M^^7iltfe5 

feat), Ba»<oa»«as^iKif^fc*K i t>36»**fo&-f*# 

[0 2 0 7] (l8(Dll©fl) B 
40 5 tC^t"^2 0jlS£(0®li^ffl^|-T?fe§ 0 

[0 2 0 8] *HJfi(7>Jg|B^*3V^Ttt, B18 tC^-T <t 

PbTiO 3 i«L<|j:PbZrO3i203 
e, 2 0 4 eO^ -p t£*> t?JE«3!j** b <^ b, C 

mp-^^<Dj±m»^t{cm^^&t}(om^m^x 
[0209] (jg 9 <o$m<DMm) n 

5» 1 5fc«-t-Jg6^IH6«>»lB^jS«0yc*>«o 



27 

[0210] *mM<Dmm<D&^x\^ m 1 9 <t 

&&mir%m<DMmmM, t fts G 
[0211] fttftuas^awttftstow-H- 1 !)* 

[0212] (»10 OHJfccZ^jiB) **lft<D««tt, 

[0 2 13] BIT, *i^#fJ-Loo*It©»S^ 

[0 2 14] *g|cO (a) M&V^T, 10 1 xfeFij&<D 
*V^IRX*R-Cfc6o 1 0 3 x, 1 0 4xtt, t©±H 

«Ktt, SUS (!Si:J;5t9-l8x 

1 0~V°C) (7X10" 6 /°C) *&«f, T/W 

^ (24X10" 6 /°C) ^>JS> (23X1 0" 6 / 

°c) »-c*>«. 

[0 2 15] * brittle* 5, JE«**l«»*«F^a 

«^$*.a*mwr, #0© (b) fc^t±5fci«oft 
[0216] &mmm<o7*?£hir, eimr 

v>ttt*Ho (b) tii*-J-«t5*ffilB*d s f^ffl-t"«-i: 
fcft5fc#>, K«±fcff*LV^<z>i:ft5o ^fc, 

<5 0 

[0217] «n msi) ^xttostttt* 
[0218] z<Dtc#), mn^^mwi 1 2t*M^ 

0 1 ySrg^U *(DJiT?WBufc:JE«f£ 1 0 
3 y , 1 0 4 y ^Mt5 0 

[0219] (ss i 2 <Dmm<D^m) ^mm^mmn^ 

-So 

[0 2 2 0] -J-fctofe, ffi«#tt**4:*ft5«*ia-e 
[0221] t^T% g]2 2<7) (a) fc^^J; 5 ^> 51 

K^^^^aflijcojEfliai^i o 3 1 %j±mm<vf±mm^- 

1 0 4piH)K»*t5. 

[0 2 2 2] J±mfc£ 5 fcAJRKME^**s»H4a s 
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^T^Lfc^^-e, 122© (b) fc*i-J;5fc: 
*e./u ^ MJ±«^T- fe&JS*® £ f <fr L T * ifi Z> (O 

JP t> S IS * ^ 3 1 * « © s rt J* ft « H" K JE «« O t> 

£ft&o 

[0223] ai3 <omM<oj&n) *nn<Dj&mns 
io hz> 0 

[0 2 2 4] SkT, m 2 3 Sr#Rg Loo***© J#*Sr 

[0 2 2 5] (a) S i0 2 SSl0 0a^ff5 o 
[0 2 2 6] (b) SiO 2 SK2-10Mmgt(?) 
&JR»lg|l 0 1 z «r*>*3> * y V^^MtSo 
[0 2 2 7] ( c ) AMftlUiltEttfM U 4J 

[0 2 2 8] * (c) Tftt, Rfc>**— 
itf 1 0 3 z £ ^ffifi^ 10 5a &7F~t Q 

[0229] (d) s<?—~i/tf\,tz.wmwk, j£m#± 

|:SiO 2 H00b Sr»fifc-f«o 
[0 2 3 0] ( e ) r. Lfc S i 0 2 1 0 0 

b«r#BH(f«TfBlv^ (H**T) . ^cr>m*#J©S iO 

[0 2 3 1 ] ( f ) ^JS^JHtf) S i 0 2 SrSfe*L*:ffi, 
IIPfeRfcflE«*Offffit"*ffiOR»fllOffiKt>ffi«fftt 

i o 4 z tmmmi o 5 b sr^/s^-So 

[0 2 3 2] (g) »b<»#Lfcffi«fl:*, fMKlC 
£0 EI^LTl>ftV^KftE»^&ftU ^y^f^p B D7 0 
7 z tC@^-T6o 

[0 2 3 3] (h) >^W^m\(DS i o 2 m*$k 
*U jKKftEil»*rft-r. 

[0234] ***©»«fcfev^rfc, &mnm<DZ:V) 

6 - t V mm too/M 

[0 2 3 5] «_h, *»Wfc»036»03WIIO»«fc»<5 
v^cof^f^-efe^o i-ft^^>, flitfKTci 5^tT 
[0 2 3 6] ( 1 ) ti*mm&> c Mtcff ftEM LfcE 

[0 2 3 7] (2) Elflltttt, »«Hl*afcKiBl2:#U-C 
SK^E^R]UTV^ftV^ 0 

[0 2 3 8] (3) ElM^tttlfOfcO, 
Nb, Mn^jRJPS^fctOSrttffiUTV^So 

[0 2 3 9] 

5<9 [J8KOM1 £JUiORWCt>36*5J:5fc*3SWfc*5V^ 
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[0240] sfc^ofcfc, 

[0 2 4 1 ] £fc, j£m*^^ { 9^^^S^CO^^V>fc 
lot, ^/^/W^*ot^t^^itKLX, ag»««L 
[0 2 4 2] ffi«#*W§Bt»-C«>5*:ft, i0 

[0 2 4 3] £fc N *So»*5*ft^SE«3t*«:#* 
S&FWMs V>te 2 *7t;^ 3 ^TcRigae bfdj^S^^- 

[0 2 4 4] £fc, JEE«*«0»ft5ffi«ft:»ilS:** 

[0 2 4 5] *fc, 9l»«<Z>JE«ft:»SrflC< bfc.O L 

[0 1 ] #38W<D|S 1 <?DSIJfiO^«iCDaHRJ£«M^^ 
[0 2] ±|B*»«lflE«ai/<>f 

ins] *mw<Dm2<DMM<Di&m<D : »m&n%i/^ 

^/u^m^oiffiffi (a) £ffi*#WRGO$M3g;£ft (b) 

[07] iiEW^ffiiiM/^-r^/v^^T-of^si^jiio 

[0 8 ] #3B93<£>gS 3 0**<75»«iOj»|»flE«ffl^>f 
[0 9 ] ±|B3»BIJE*S!»M *;V7*^o^»#KSo 

[010] ±mmmmm<ommmm<Dmmmwctm 
[011] *&m<o%s4<DMM<o&n<o$$m&9M'* 
[012] ^mm<om5<Dmm<omm<Dmmmmm^ 
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[013] ±mnmi±mms<^ ^^m^&m^^tcw 

[014] ±E»itE«ai^-f ^A'^^trfflv^fcW 
[0 15] 6 ©*Jt<D»tRO|»llilJE«ffl^ 

[016] #38W<Z>^ 7 OHJ6(7>^<i^*JRjEEIlM^ 

[017] ±:|2»JRffiSS^-f^/v-^*^§rfflVNfc:^ 

[018] s oniko«ttofiRE£«9^ 

[019] **W©*9 <0**<0»«0»l|JtflE«H^ 

[020] *»WoflSi ooil^)fio»ii 

[021] «PJ^f 1 1 tf>lim<^fSo^j8lj±SM 

[022] ^mm^m 1 2 <omM<omm<onmmmm 

[023] 1 3 ^MOfi^ilffil 

1 0 0 a S 1O2 Sft 

10 0b S i 0 2 ^ffi 

101 fiJcflUX^ (&JRSM£) 
1 0 1 z £ScKK^ G&JRS) 

102 |g 1 Sffiffi 

103 mi i±nfcnw£ 

1 o 3 1 * i&mftmm 01 «m) 

1 0 3 x jis^as 

1 0 3 y jsm^gR 

104 ft2BEtt#ftK 

1 0 4 P Sf? 2 j£«fl4NR (fflKM) 

1 0 4 x ffimfrSP 

1 0 4 y J±mifcW> 

105 ?g 2 

111 m^mnM 

112 *^JS# 

203a mi &m»mm latmmms) 

2 0 3 b jf^EtfrftK 

2 0 3 c * l J±m**Hf (R*«t36««) 

2 0 3 e ^ ;y v- 3 >"g 
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